We explored the association between Framingham risk score (FRS) and coronary artery calcium score (CACS) in asymptomatic Korean individuals.
INTRODUCTION
Noninvasive measurements of subclinical atherosclerosis include coronary artery calcification (CAC), intima-media thickness and plaque of the carotid artery, the ankle brachial index, and aortic pulse wave velocity. Both American and European guidelines recommend CAC as a tool for screening asymptom- 
MATERIALS AND METHODS

Subjects
Our retrospective study included 2295 asymptomatic participants aged from 30 to 80 years (1387 males and 908 females) who visited the Myongji Hospital (Goyang, Korea) between January 2010 and June 2014 for comprehensive health screening.
All participants underwent medical examination and computed tomography (CT) for coronary artery calcium scoring. Participants with a clinical history of angina, cardiovascular disease, and coronary revascularization were excluded by using a questionnaire. After exclusion of 79 participants, 2216 asymptomatic participants (1346 males and 870 females) were included in the analysis.
Conventional Risk Factors
Conventional cardiovascular risk factors including hypertension, diabetes, smoking history, family history of premature heart disease, and lipid profile were obtained. CAC was defined as a hyperattenuating lesion above a threshold of 130 Hounsfield units with an area of at least 3 adjacent pixels. It was automatically quantified using CT calcium score analysis software using Smartscore, AW version 4.5 (GE Healthcare, Milwaukee, WI, USA) according to the Agatston score.
For analysis purposes, we stratified the study population into the following 5 categories using the Agatston score: 0, 0 to < 10, 10 to < 100, 100 to < 400, and ≥ 400.
Framingham Risk Score
We calculated the 10-year absolute coronary risk using the 
Consistent Group and Inconsistent Group
We reclassified the participants into consistent and inconsistent groups for the data analysis. Participants with low coronary event risk (FRS < 10) and low CACS (CACS < 100) were designated as the consistent group; and participants with low coronary event risk (FRS < 10) and high CACS (CACS ≥ 100) were designated as the inconsistent group.
Statistical Analysis
Data were expressed as mean ± standard deviation for continuous variables, and frequencies and percentages for categori- 
Ethics Statement
The study protocol was approved by the Institutional Review Board (IRB) of Myongji Hospital (IRB No. 14-084). Informed consent was confirmed by the IRB.
RESULTS
Of the 2295 participants with results of CT scan for CACS, 79 participants had missing risk factor data. Thus, the study included 2216 participants. Characteristics of these participants stratified by CACS groups were shown in Table 1 .
Overall, the mean age (standard deviation) of the participants at the time of the CT scan was 50.3 (11.3) years and the proportion of male participants was 60.7%. A positive correlation was observed between CACS and FRS representing the 10-year absolute risk for a coronary event (Spearman's correlation coefficient r = 0.464, p < 0.0001) (Fig. 1) .
However, comparison between risk stratification by CACS and FRS showed a discrepancy, i.e., many cases had a low coronary event risk profile and a high CACS, and vice versa ( Table 2 ). Of these, we analyzed factors explaining the discrepancy between CACS and FRS in about 3.7% of participants from the inconsis- were significantly associated with the discrepancy, respectively (Table 3) .
Age, male gender, smoker, presence of hypertension, total 14 (0.7) 3 (3.6) 0.031* *The p value was calculated by Fisher's exact test. BMI = body mass index, DBP = diastolic blood pressure, DM = diabetes mellitus, HDL = high-density lipoprotein, HTN = hypertension, LDL = low-density lipoprotein, SBP = systolic blood pressure, TG = triglyceride (Fig. 2) .
DISCUSSION
The main findings of this study were as follows. CACS represents the total plaque burden; and plaque rupture is more likely to occur when the overall plaque burden is high (1, 7) . Also, CACS is a strong predictor of coronary events independent of conventional coronary risk factors or risk-factor scores (8) (9) (10) (11) . Occasionally, CACS fails to predict CHD events, which may be due to coronary artery spasm or high burden of noncalcified atherosclerotic plaques (12) . Nevertheless, CACS has become a useful tool to treat and predict coronary artery disease in clinical practice, despite its questionable reliability due to lack of large population-based standard data, especially in Asia. Some studies have suggested that CAC differs among different ethnic groups (13, 14) . Other studies have suggested that there are no racial differences in the prevalence and severity of CAC (15) .
In this study, we identified the association between conventional cardiovascular risk factors and CAC in asymptomatic The multivariable model used in our study indicated that factors associated with FRS and additional factors including This result suggested that individuals who have diabetes mellitus or obesity (BMI ≥ 35) might benefit from CACS using multidetector CT for coronary risk evaluation even if they belong to the low risk group according to FRS.
Our study had some limitations. First, this was a cross-sectional study, and thus it does not provide the outcome data or prognosis in the population included. Second, findings of this study may not be applicable to other populations of different ethnicities. Third, although CACS is a strong independent predictor of CHD, it is not a direct measure of atherosclerosis and it may have failed to detect some noncalcified plaques.
In conclusion, CACS and FRS showed a strong positive correlation in the asymptomatic Korean study population. Of these, about 3.7% of participants showed discrepancy between CACS and FRS and factors associated with the discrepancy included age, male gender, smoker, presence of hypertension, total cholesterol, diabetes mellitus, and BMI (≥ 35). According to our diagnostic prediction model, diabetes mellitus or obesity (BMI ≥ 35) are potential indicators for application of CACS using multidetector CT to compensate for the weakness of the FRS.
